We provide empirical evidence that stock market crises are spread globally through asset holdings of international investors. By separating emerging market stocks into two categories, namely, those that are eligible for purchase by foreigners (accessible) and those that are not (inaccessible), we estimate and compare the degree to which accessible and inaccessible stock index returns co-move with crisis country index returns. Our results show greater co-movement during high volatility periods, especially for accessible stock index returns, suggesting that crises spread through the asset holdings of international investors rather than through changes in fundamentals.
only partially explain the reaction of stock markets to crises that originate in other countries. In addition, correlations among market returns computed by Longin and Solnik (2001) , Connolly and Wang (1998) , Ang and Bekaert (2002) , and Ang and Chen (2002) are especially large during market downturns, suggesting that contagion may be "asymmetric," that is, stronger during market downturns.
Motivated by the lack of evidence that macroeconomic fundamentals serve as the determinants of contagion, researchers have sought alternative explanations. In particular, models have been developed in which limits to arbitrage allow crises to spread through the asset holdings of international investors. Kodres and Pritsker (2002) develop a theoretical model of financial contagion through cross-market portfolio rebalancing. One implication of their model is that market co-movements should be symmetric in both market upturns and downturns. Kyle and Xiong (2001) , Calvo (1999) , and Yuan (2005) predict that crises spread to stock markets by their wealth-constrained investors, and that correlations among markets are greater during market downturns. Kyle and Xiong (2001) argue that when investors suffer a large loss in investment in the crisis country, they may have to liquidate their positions in other countries and thus cause equity prices to depreciate in these other countries. Moreover, Calvo (1999) and Yuan (2005) find that wealth effects persist even when only a small fraction of investors are wealth constrained, as long as they are relatively more informed. These latter authors argue that uninformed rational investors are not able to distinguish between selling based on liquidity shocks and selling based on fundamental shocks. In the presence of margin-constrained informed investors, it is possible for contagion to result from confused uninformed investors. Although theoretically convincing, there is little empirical evidence for the investor-induced contagion hypothesis. This paper uses a distinct attribute of emerging stock markets to determine whether cross-market correlation dynamics are driven by investor asset holdings or by fundamental linkages. In emerging market countries, not all publicly listed stocks are eligible for purchase by foreigners. By differentiating between those stocks that are readily accessible to foreign investors (accessible) and those that are accessible primarily to local investors (inaccessible), we form testable implications that allow us to distinguish between the investor-induced contagion hypothesis and the fundamental-based contagion hypothesis. In order to illustrate the testable implications of the paper, we offer a simple thought experiment.
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Consider an economy with two emerging markets (A and B) that have independent economic fundamentals. Both accessible and inaccessible stocks exist for each country, and these stocks are traded by three types of investors: international investors, local A investors, and local B investors. International investors can only invest in the accessible stocks of countries A and B. For concreteness, one might interpret these investors as institutional investors from developed countries. Local A investors, those in emerging market country A, and local B investors, those in emerging market country B, can only invest in their respective home country stocks (accessible and inaccessible). This assumption can be reasonably motivated by the potentially large transaction costs investors face when trading assets issued outside their home country or by the "home bias" phenomenon. 3 We further assume that all investors face trading constraints such as borrowing constraints (i.e., investors have to deposit collateral in margin accounts), motivated by the findings on international mutual funds. 4 When country A is struck by a country-specific crisis, international investors suffer losses in country A's accessible stock investment and must liquidate their holdings in country B's accessible stocks to meet margin calls. This selling of country B's accessible stocks by international investors is unrelated to country B's economic fundamentals but, nevertheless, leads to a price decline in country B's accessible stocks. If the price decline in country B's accessible stocks is sufficiently severe, local B investors may also be forced to liquidate their holdings in country B's stocks (accessible and inaccessible) to meet margin requirements. Hence, the idiosyncratic shock in country A, if severe enough, may eventually spread to country B's inaccessible stocks.
We draw the following testable implications from the above thought experiment. First, if contagion is investor induced, either through portfolio rebalancing or wealth constraints, the co-movement of accessible stock returns with the crisis country stocks should increase more than the co-movement of inaccessible stock returns with the crisis country stocks during the period of turmoil. Alternatively, if contagion is fundamental based, the increase in co-movement should be similar for accessible and inaccessible stocks. Second, the investorinduced contagion hypothesis also predicts that within a country, movements of accessible stock returns should lead movements of inaccessible stock returns through the wealth constraints of local investors during the turmoil period. Third, if crises spread through wealth constraints, correlations should be asymmetrically higher in market downturns than in market upturns. In addition, we examine the correlation dynamics between government bonds and stock index returns to investigate how crises spread within a country. If international investors withdraw capital from both equity and bond markets and wealthconstrained local investors are unable to arbitrage away the price impact of foreign trades, the correlation between accessible stock and government bond returns should increase during crises. On the other hand, if investors rebalance their portfolio toward safe assets such as government bonds in a f light to quality during crises, the correlation between stock and government bond returns during crises should decrease.
To formally test these implications, we estimate and compare the correlation dynamics of accessible and inaccessible stock returns with the stock index returns of the crisis country. Once we establish that accessible stocks and inaccessible stocks demonstrate no differences in cash f low fundamentals, we can attribute differences in correlation dynamics to differences in investor activity, with accessible stocks being more susceptible to outside shocks through portfolio rebalancing or wealth constraints. The outside shocks that can affect the asset holdings of investors include changes in both exchange rates and stock prices. To assess the relative importance of each component, we decompose co-movements to separate out the effects of exchange rate movements. 5 Although seemingly straightforward to implement, calculating return correlations during crisis periods is not a trivial statistical exercise. Some misleading results have been reported in the past that ignore the relationship between correlation and volatility. Stambaugh (1995) , Boyer, Gibson, and Loretan (1999) , and Forbes and Rigobon (2002) note that calculating correlations conditional on high (low) returns, or on high (low) volatility, induces a conditional bias in the correlation estimate. To correct for the conditional bias, Forbes and Rigobon (2002) propose a bias correction methodology based on the assumption of independent and identically distributed (i.i.d.) returns. However, Corsetti, Pericoli, and Sbracia (2002) show that if the returns are not i.i.d. (e.g., if variances increase during crisis periods), the bias correction errs in the direction of not finding contagion. We use two different methodologies to calculate correlations. First, we estimate a regime-switching model, in which return variances are allowed to change across regimes. Second, we estimate correlations of tail observations using extreme value theory, which is robust under any distributional assumption over returns. 6 The regime-switching model is a dynamic model of stock returns that allows for endogenous structural breaks and thus allows the data to determine the beginning and end of each crisis. In our estimation, the unobserved state variable follows a two-state Markov process. Regime-switching models have been found to successfully exhibit important features of the correlation dynamics of financial times series (Ang and Chen (2002) , Ang and Bekaert (2002) , and Gibson and Boyer (1997) ). We find that (1) a significant number of the accessible index returns of the emerging markets in our sample have higher correlations with the crisis country during the volatile regime, (2) the correlation increase during the period of crisis is more pronounced for the accessible returns than for the 5 Pavlova and Rigobon (2003) find that the foreign exchange market acts as a channel through which shocks are propagated across stock markets even though dividend processes are independent. In their setup, the wealth effect is implicitly modeled with logarithmic utility preference. Although their model's transmission mechanism of shocks is similar to our own, our focus is different. We compare the reactions of accessible and inaccessible stocks to external shocks, excluding the currency component that is common to both types of stocks from the same country. We thank an anonymous referee for pointing out the importance of separating out the currency component of the co-movements. 6 Earlier versions of this paper include another measure of correlation, following the bias correction suggested by Forbes and Rigobon (2002) . The results are similar, and therefore are omitted for clarity of exposition.
inaccessible returns, and (3) our results are not driven by correlated exchange rates. These findings support the investor-induced contagion hypothesis.
We also consider the time dimension in the transmission of crises among countries. As a preliminary measure, we test the lead and lag relationship by comparing sizes of cross-autocorrelations between accessible and inaccessible stock index returns for each country. Our analysis shows that accessible stock returns lead inaccessible stock returns during the crisis period, which is consistent with the predictions from our thought experiment.
After finding empirical evidence in support of the investor-induced contagion hypothesis, we conduct further tests to determine how crises spread through the asset holdings of investors. We test whether market co-movements are symmetric during extreme market upturns and downturns by estimating exceedance correlation, as in Ledford and Tawn (1997) and Longin and Solnik (2001) . A test of symmetry of correlations at extreme tails helps distinguish between two hypotheses: Symmetric tails are consistent with the hypothesis that portfolio rebalancing inf luences correlation dynamics, while asymmetric tails are consistent with the hypothesis that correlation dynamics are driven by wealth constraints. We find that in emerging markets, correlations in negative tails are higher than correlations in positive tails, and that this effect is more pronounced for accessible returns than inaccessible returns. We do not find, however, evidence for asymmetry in exceedance correlation in developed countries. These results suggest that crises spread to emerging markets through asymmetric market frictions such as wealth constraints. In contrast, for developed markets, portfolio rebalancing could act as a channel for crises to spread. These hypotheses are supported by our analysis of correlations between stock and government bond returns within the same country: We observe higher return correlations for emerging market accessible stock indices during the crisis period, but not for emerging market inaccessible stock and developed country stock indices.
The remainder of the paper is organized as follows. Section I discusses the related literature. Section II presents the hypotheses we consider and the methodologies we use to conduct our tests. Section III describes the data and empirical evidence for two crucial assumptions underlying our tests. The first assumption is that foreign investor trades can move the market. The second assumption is that accessible stocks share similar cash f low fundamentals with inaccessible stocks, differing only in investor ownership. Section IV discusses test results for the hypotheses laid out in Section II. Section V concludes.
I. Related Literature
Our paper is closely related to the literature on limits to arbitrage (DeLong et al. (1990) and Shleifer and Vishny (1997) ), which emphasizes that market frictions or noise trader risks break the link between asset price movements and economic fundamentals. This is in contrast to the traditional asset pricing theory, according to which co-movement in prices ref lects comovement in fundamentals in an economy with rational investors. For example, Barberis, Shleifer, and Wurgler (2005) and Boyer (2004) find evidence for investor-induced co-movements by showing that some co-movements of stock returns can be attributed to asset reclassification. Our paper complements this literature because it provides cross-country evidence for a nonfundamentalbased and investor-induced theory of co-movements.
Our paper is also related to the literature on measuring contagion across markets. Several approaches have been adopted to model the linkage between economic fundamentals and asset market co-movements. Bae, Karolyi, and Stulz (2003) analyze the joint occurrences of extreme events using a multinomial logistic model. Bekaert, Harvey, and Ng (2005) apply a two-factor model with time-varying betas and measure contagion as correlation among model residuals. Tang (2001) uses a similar approach but restricts the factor model to a world capital asset pricing model (CAPM). In our analysis, by demonstrating that accessible and inaccessible stocks share similar economic fundamentals, any difference in correlation dynamics between the two asset classes cannot be attributed to differences in fundamentals. As such, any increase in correlation during periods of high volatility among the accessible stocks that is not common to the inaccessible stocks can be classified as excess correlation over and above what one would expect given economic fundamentals. Hence, we circumvent the need to specify a factor model. Finally, our paper is closely related to the literature on international mutual fund holdings. Similar to our findings, this literature shows that investor asset holdings are a mechanism through which crisis shocks propagate. Kaminsky, Lyons, and Schmukler (2001) demonstrate that the Mexican, Asian, and Russian crises triggered withdrawals by mutual funds from other countries. Kaminsky, Lyons, and Schmukler (2004) find that mutual funds contributed to the contagion in Latin America by withdrawing money from other Latin American countries, following the initial crisis shock in Mexico in 1994. Kaminsky and Reinhart (2000) mention anecdotal evidence, which shows countries with negligible representations in the portfolios of mutual funds are hardly affected by regional crises (e.g., Colombia and Venezuela during the Mexican crisis). Broner, Gelos, and Reinhart (2003) find some evidence that stock markets are correlated through mutual fund asset holdings, especially during crises.
II. Methodology
To gauge the cross-market transmission mechanism of financial crises, we employ two different methodologies to estimate correlations. The first is based on estimated correlations from a regime-switching model. The second is based on extreme value theory. The estimated correlations are used to test three hypotheses on the transmission mechanism of crises. 7 The theoretical literature on international asset pricing under mild segmentation (e.g., unequal access to certain asset markets) predicts that restricted securities command a "super risk premium" over unrestricted securities Losq (1985, 1989) ). The super risk premium in these papers does not vary with the returns on accessible stocks and is constant across stable and unstable regimes. Our results are therefore not explained by these models.
A. Test Hypotheses and Statistics
Our first test is a test for the existence of contagion. For each emerging market, we estimate the correlation (ρ) of the crisis country's total market index returns with the return on the index of accessible stocks (indexed by A) and the return on the index of inaccessible stocks (indexed by IA) during stable and crisis periods. We then compare the difference in correlations between stable and crisis periods. If contagion exists, no matter whether the transmission mechanism is investor induced or fundamental based, accessible stock index returns should have a greater co-movement with the crisis country market index returns during the turmoil period. Therefore, the relevant test statistic for the existence of contagion is the difference in correlations of the accessible index returns of a market with the crisis country's total market index returns across periods. We first perform this test using index returns denominated in U.S. dollars. We then decompose the co-movement to separate out effects driven by correlated exchange rates.
TEST 1 (Existence of Stock Market Contagion): If stock market contagion exists, co-movement is higher during the turmoil period for accessible index returns (A), that is,
To aggregate the results across countries, we use the nonparametric sign test. Under the null hypothesis that co-movement does not significantly change across periods, we should expect the number of countries with a higher estimated correlation during the turmoil period to be approximately equal to the number of countries with a lower correlation during the turmoil period. In other words, the median difference should be zero across countries. The nonparametric sign test therefore assesses the likelihood of observing the number of estimated positive differences, given that each country's estimated difference is positive with probability 0.5.
Our second set of tests seeks to determine how crises spread-through changes in country fundamentals or through market frictions (e.g., portfolio rebalancing and wealth constraints). We first compare the correlation dynamics of accessible and inaccessible index returns during crises. By the argument from the simple thought experiment described earlier, if crises spread through correlated fundamentals, the effect of crisis shocks on accessible index returns should be the same as that on inaccessible index returns. A finding that the change in co-movement of accessible index returns with the crisis country during the turmoil period is significantly greater than the change in co-movement for inaccessible index returns would reject the fundamental-based hypothesis and support the investor-induced hypothesis. Similar to the first test, we also perform this test after separating out exchange rate effects. 
Furthermore, the investor-induced contagion hypothesis also predicts that within a country, movements of accessible index returns should lead movements of inaccessible index returns through constraints of local investors (either due to portfolio rebalancing needs or wealth constraints) during market crises. In order to test this lead-lag relationship, we compare the cross-autocorrelation between accessible and inaccessible index returns as in Campbell, Lo, and MacKinlay (1997) 
Our third set of tests provides evidence on whether crises spread due to portfolio rebalancing or wealth constraints. If crises are transmitted due to investors' portfolio rebalancing needs, market co-movements should be symmetric in extreme market upturns and downturns. On the other hand, if crises are transmitted due to investor wealth constraints, market co-movements should be greater in extreme market downturns than extreme market upturns. A test of whether market co-movements are symmetric at extreme tails allows us to distinguish between these two hypotheses. More specifically, we estimate and compare co-movements at two extreme tails: jointly positive, denoted by (+), and jointly negative, denoted by (−). If the cross-market linkage is through investor stock ownership, the relevant test statistic is the co-movement difference for accessible index returns. Despite the similarity of this set to Test 1, there is one important difference: Instead of comparing co-movement between the turmoil period and the stable period, we compare correlations at the extreme tails. 
Additionally, by computing the co-movement between stock and government bond index returns during crisis and noncrisis periods, we analyze how a crisis spreads between risky and safe assets within a country. Analyzing how a crisis shock is transmitted within a country sheds light on how the shock spreads across countries during crises. If international investors withdraw capital from both equity and bond markets and wealth-constrained local investors are unable to arbitrage away the price impact of foreign trades, the correlation between accessible stock and government bond returns should increase during crisis periods. On the other hand, if there is no capital f light from the country and/or investors reallocate their investments to safer assets in response to the crisis shock, correlations between safe and risky assets should decrease. This portfolio rebalancing activity is commonly known as "f light to quality." Hence, this is a further test of how crises spread. Increases in correlation would suggest wealth constraints are binding while decreases in correlation would suggest active portfolio rebalancing within the country. Specifically, we estimate co-movement measures (ρ) between each country's stock market index returns (either accessible or inaccessible) and the local government bond market index returns (indexed by B) in the stable and crisis regimes, and compare differences in co-movement across regimes. 
The rest of this section describes in detail the methodologies we employ to estimate the co-movement (ρ).
B. A Dynamic Model of Correlation: Regime-Switching Model
Our first method of estimating the correlation among asset returns is to specify and estimate the coefficients of a dynamic model that allows for the possibility of endogenous structural breaks (Hamilton (1989 (Hamilton ( , 1990 ).
The unobserved state variable in our model, s t , is allowed to take on one of two values, s t ∈ {1, 2}, which we term "volatile" and "stable" regimes. Let ψ t represent all information through time t. The state variable s t is assumed to follow a two-state Markov process,
resulting in a 2 × 2 transition matrix.
Conditional on being in state s, returns are assumed to be normally distributed,
where r t is an n × 1 vector of index returns realized at time t, with t ranging from 0 to T, α s is a vector of conditional expected returns, and s is an n × n conditional covariance matrix. For any two indices, let σ ij,s (an element in s ) be the conditional covariance between index i and index j given s t = s. The conditional correlation estimate, ρ ij,s , between r it and r jt given state s t = s is
In our model, α s and s can be constant across regimes. We therefore avoid pitfalls in estimating conditional correlations by splitting the data according to realized values (Boyer et al. (1999) , Forbes and Rigobon (2002) ). Maximum likelihood estimates of the model parameters, including the elements of the transition matrix, are obtained using the expectation maximization (EM) algorithm (Hamilton (1990) ). To obtain maximum likelihood estimates it is necessary to create inferences about the value of s t based on data obtained through date T, P(s t = s | r 1 , . . . , r T ). These "smoothed inferences" are generated using an algorithm developed by Kim (1994) .
We use the above approach to estimate correlations of the crisis country stock index return with emerging market stock index returns (accessible and inaccessible), correlations of the crisis country index return with developed market index returns, cross-autocorrelations between accessible and inaccessible index returns of the same country, and correlations among government bond and stock index returns of the same country. We separately estimate correlations across countries. To make the results of these separate estimations comparable, we define turmoil and stable regimes using only the information contained in the returns of the crisis country and the world index. The crisis country index helps to associate the regimes with a particular financial crisis, while the world index helps to define the high volatility regime as a regime of high global volatility rather than country-specific volatility. Individual country returns are assumed to contain no information about s t beyond that contained in the returns of the crisis country and the world index.
Since the number of observations varies for each country, a two-step procedure is used to ensure that regime probabilities are identical across countries. In the first step, we estimate the parameters of a bivariate regime model using the crisis country and world index returns. These first-step parameters are then held constant in estimating correlations in multivariate regime models. The estimation procedure therefore takes the form of two-step maximum likelihood, and the asymptotic covariance matrix is estimated using the method of Murphy and Topel (1985) (see Appendix A for further details).
C. Exceedance Correlation
Alternative estimates of correlations among returns are obtained from the extreme tails of the joint distribution, as in Longin and Solnik (2001) . This method is attractive in that we do not need to specify a joint distribution function nor define a crisis period. Instead, we rely strictly on the tail distribution that converges to a generalized Pareto distribution regardless of the data generating process. Thus, the results are robust to nonnormal and non-i.i.d. returns. We use this methodology to distinguish between the differences in correlation during market upturns and downturns.
For the univariate random variable (X), the tail distribution conditional on the observation being in the tail is fully characterized by the two parameters of the generalized Pareto distribution,
The tail index, ξ , describes the thickness of the tail, while the dispersion parameter, σ , describes the width of the distribution. For the bivariate (or more generally, multivariate) case, the resulting multivariate distribution of extreme returns is a function of univariate generalized Pareto distributions, which do not depend on the underlying true distribution. Let (X 1 , X 2 , . . . X q ) be a q-dimensional vector of random variables and (θ 1 , θ 2 , . . . θ q ) denote the vector of the threshold level. Following Ledford and Tawn (1997) and Tawn (1988) , the joint tail distribution is as follows:
where D( ) is a specific dependence function and F m j ( ) is the marginal distribution of the jth variable. The marginal distribution
contains two parts: probability 1 − λ j that the observation is not in the tail and probability λ j that the observation is in the tail as represented by the Pareto distribution. In the multivariate case, although the limiting marginal distributions are known, the dependence function is not known and must be specified.
We proceed with the most widely used dependence function, the equally weighted logistic function,
where the dependence parameter is α, with 0 < α ≤ 1. 9 With only one parameter to estimate, this dependence function is simple and tractable. Furthermore, for the bivariate model q = 2, the measure of exceedance correlation is 1 − α 2 , which is simple to compute. The seven parameters (two tail probabilities, two tail indices, two dispersion parameters, and one parameter from the dependence function, α) are estimated using maximum likelihood assuming independent observations. 10 We estimate this limiting distribution to characterize the correlations of the crisis country stock index return with emerging market stock index returns for the two tails of the joint distribution function, namely the positive tail (for jointly positive returns or bull market) and the negative tail (for jointly negative returns or bear market). We follow Ang and Chen (2002) in setting the positive tail and negative tail threshold values, θ U and θ L respectively, to be multiples of sample deviations away from the sample mean. We use asymptotic properties of the maximum likelihood estimator to obtain our parameter estimates and the covariance matrix, and we derive inferences based on asymptotic normality.
11

III. Data
Our analysis uses two types of stock index returns for each country when available: returns for accessible stocks and returns for inaccessible stocks. In developed financial markets such as the United States, practically all stocks are accessible to both foreign and local investors and thus the entire market is accessible. However, in many emerging markets, some stocks are only accessible to local investors. Section A describes the accessible and inaccessible stock indices, and Section B compares characteristics of firms, which are designated accessible and inaccessible. Section C explains the bond data we use in conducting further analyses.
Before discussing the data used in our statistical tests, we first discuss the magnitude of foreign equity holdings. Data of U.S. holdings of foreign equity are collected by the Treasury International Capital System (TIC) through periodic benchmark surveys of U.S.-resident custodians (typically banks and brokerdealers) and institutional investors. Table I reports the market value of U.S. holdings of foreign equity by country at year-end 1997 as reported by TIC. We also report the total market capitalization of these countries at year-end 1997 as reported in both the International Finance Corporation's (IFC) Emerging Markets Data Base (EMDB) and Datastream. From Table I , it is clear that U.S. holdings of emerging market equity are large relative to the size of the emerging markets. For example, U.S. holdings of Korean equity at year-end 9 The models of the dependence function can be either nonparametric or parametric. In the class of parametric functions, Tawn (1988) describes two distinct models, mixed and logistic. 10 The details on the construction of the likelihood function can be found in Prescott and Walden (1980), Ledford and Tawn (1997) , and Longin and Solnik (2001) . 11 We note that a trade-off exists in selecting the threshold values. The sample distribution converges toward the true extreme tail distribution as the threshold increases, but the precisions of the estimates suffer from a smaller number of observations satisfying the tail criteria. 1997 were about $4.4 billion, while the total market capitalization of the Korean stock market was only about $25 billion. We note that the first two columns in Table I may not be exactly comparable since the U.S. holding measures are likely to include holdings of equity that are not traded on an exchange, while the market capitalization measures are limited to exchange-traded firms in the IFC global index, which is not comprehensive. However, the numbers are approximately comparable. For example, Choe, Kho, and Stulz (2003) find that foreign investors held about 14.7% of the total market capitalization of the Korean equity market in 1997. Table I thus offers one idea of the magnitude of U.S. holdings of foreign equity relative to the size of the local market. Given the evidence of Table I , specifically, that foreign holdings of emerging markets are large relative to the size of these markets, it is reasonable to conclude that trades by foreigners can have important price effects.
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A. Accessible and Inaccessible Stock Index Returns
For emerging markets, IFC provides two stock market index series for each emerging market: IFC Global (IFCG), representing the total market, and IFC Investable (IFCI), consisting of firms that are designated to be accessible to foreigners. Both IFC index series are dividend inclusive and available in U.S. dollars or in local currency. For the IFCG index, the IFC selects stocks by reviewing trading activities and targets a market coverage of 60-75% of total market capitalization. 13 For the IFCI index, the stocks included are a subset 12 In addition, the empirical findings of Clark and Berko (1996) indicate that foreign trades impact crises. They find that unexpected foreign capital inflows of 1% of the market capitalization drove prices up by 13% in Mexico during the late 1980s through the crisis in 1993. 13 The IFC trading criteria are as follows: Any share selected must be among the most actively traded shares in terms of value traded, must have traded frequently during the annual review period, and must have reasonable prospects for a continued trading presence in the stock exchange without imminent danger of being suspended or delisted.
of firms that are in IFCG, and selection for this subset is a two-step process. First, the IFC determines which securities may be legally held by foreigners. 14 Next, the IFC screens stocks according to size and liquidity.
15 Thus, the IFCI index is designed to measure the composite stock market index of what foreign investors might receive from investing in emerging market securities that are legally and practically available to them (IFC (1999)).
We construct weekly log returns using index levels reported on Fridays. Weekly data are used to avoid market microstructure complications that appear in daily level data. Since IFC does not provide an explicit series for inaccessible stocks, we construct the inaccessible index return as
where R is the index return, M is the index market capitalization, G, A, and IA refer to the global, accessible, and inaccessible index, respectively, and t denotes period t.
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Note that the degree of investor accessibility may not be a good proxy for the degree of actual foreign ownership-a stock that is designated as investable may or may not be owned by foreign investors. If the measure of accessibility overstates foreign ownership, then our results are biased in favor of the null hypothesis that foreign ownership does not affect co-movement.
For the developed countries, we treat all stocks as accessible. We use the country index levels from Datastream (Datastream Total Market Index) to construct log weekly returns. We also calculate weekly returns using index levels for the Datastream World Market Index.
The sample period of our data (from both EMDB and Datastream) is from January 1989 to December 2002. In Table I , we report the percentage of total market capitalization of the IFCG index that is accessible and inaccessible by country for the year 1997. The percentage of total market capitalization attributed to inaccessible firms varies greatly across countries. The cross-country market-weighted average is 27%. We also compute the sample correlation between the accessible and inaccessible returns of each country over the entire 14 The first legal test of a stock's accessibility is to determine whether the market is open to foreign institutions. IFC determines the extent to which foreign institutions can (1) buy and sell shares on local exchanges and (2) repatriate capital, capital gains, and dividend income without undue constraint. The second legal test is to determine whether there are any corporate by-law, corporate charter, or industry limitations on foreign ownership of the stock. 15 The size requirement is a minimum market capitalization of $50 million or more over the 12 months prior to a stock's addition to an IFCI index. The liquidity requirement is a minimum trading volume of $20 million over the year prior to inclusion, with trades occurring on at least half the local exchange's trading days.
16 Inaccessible index returns are calculated and used in our analysis only if the inaccessible portion of the total market capitalization remains above 0.01% for several years during and around 1997, the year of the Asian crisis. This prevents the use of inaccessible index returns for Poland, South Africa, and Turkey. sample period. 17 For any statistical comparison of the two indices to be meaningful, accessible and inaccessible returns should be different and not highly correlated. The sample average correlation is found to be 0.651 with a crosssectional standard deviation of 0.25. Hence, there appear to be economically relevant differences across the two indices within each country. In the next section we investigate firm-level characteristics to compare cash f low fundamentals of firms that comprise the two indices.
B. Characteristics of Accessible and Inaccessible Firms
In order to compare the impact of crises on the emerging market's accessible index and inaccessible index, it is necessary to understand any differences in the sets of firms that comprise the indices. Our test of the investor-induced contagion hypothesis against the correlated country fundamentals hypothesis requires the assumption that accessible firms share similar cash f low fundamentals with inaccessible firms. That is, accessible and inaccessible firms differ primarily in investor holdings. To explore structural differences that may affect our results, we examine characteristics of accessible and inaccessible firms. IFC characterizes how accessible a firm is to foreign investors by a variable called "degree of open factor" that ranges from zero to one. When this degree of open factor equals one, the stock of the firm is completely accessible to foreigners; at zero, the stock of the firm is completely inaccessible to foreigners. In our comparisons between accessible and inaccessible firms, accessible firms are those with a degree of open factor equal to one, while inaccessible firms are those with a degree of open factor equal to zero.
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A possible cause for observing differences in co-movement across accessible and inaccessible firms is that inaccessible firms are in different industries from accessible firms. In particular, cash f lows of tradable sectors are more vulnerable to exogenous shocks that originate elsewhere in the world. In Figure 1 we compare the sector distribution of accessible and inaccessible firms at the beginning of 1994 (the year of the Mexican crisis), 1997 (the year of the Asian crisis), and 1998 (the year of the Russian crisis) using firm-level data for January of each year. 19 We find that the distributions are similar across years. The figure also shows that both indices are mainly comprised of firms in the manufacturing sector, a predominantly tradable sector. At the beginning of 1994, 1997, and 1998 , the percentage of completely accessible firms in the manufacturing sector is 39.1%, 39.6%, and 41.2% while the percentage of completely inaccessible firms in the manufacturing sector is 51.0%, 48.7%, and 49.4%, 17 All statistics that are discussed but not reported may be obtained from the authors upon request. 18 To give one idea of how many firms are within each accessibility group at the end of 1994, we have data on 1,505 stocks across all emerging market countries, with 480 completely accessible, 534 completely inaccessible, and 491 in between. At the end of 1997, there are 2,005 stocks, with 535 completely accessible, 581 completely inaccessible, and 889 in between. C o n s t r u c t i o n M a n u f a c t u r i n g T r a n s p o r t a t i o n W h o l e s a l e T r a d e R e t a i l T r a d e F i n a n c e S e r v i c e s O t h e r s (53, 54, 55, 58, 59) , Finance (51, 60, 61, 62, 63, 65) , Services (67, 70, 73, 75, 78, 79, 89) , and Others (99).
respectively. Since a slightly larger portion of completely inaccessible firms is in this tradable sector, our results may be biased against the investor-induced hypothesis. Overall, however, there appears to be no meaningful difference between the distribution of accessible firms and inaccessible firms across sectors. Bae, Chan, and Ng (2004) also find no pronounced variation in accessibility across industries. Therefore, any differences we find in correlations cannot be attributed to sector differences between accessible and inaccessible firms.
To check for other differences between accessible and inaccessible firms, we compare two market microstructure characteristics of firms in the two indices, size (market capitalization) and liquidity (ratio of value traded to market capitalization). Cash f lows of firms that are very large or very small may be particularly vulnerable to global shocks. Further, stock prices of firms that are very liquid may be more sensitive to fundamental news about future earnings prospects. We therefore report in Table II the one-sided test of means for each country to determine whether average liquidity is significantly higher, and the two-sided test of means to determine whether the average size is significantly different for completely accessible firms than completely inaccessible firms for the crisis years 1994, 1997, and 1998 . In 1994, out of 14 countries for which comparison is possible, we find that average liquidity for accessible firms is significantly greater only in 2 countries and average size is significantly different in 6 countries. In 1997, out of 16 countries, average liquidity for accessible firms is significantly greater in 5 countries and average size is significantly different in 5 countries. In 1998, out of 19 countries, average liquidity for accessible firms is significantly greater only in Mexico and average size is significantly different in 6 countries.
Our liquidity results are similar to those of Bae et al. (2004) who find that the average liquidity of accessible stocks is not significantly greater than that of inaccessible stocks. We also find that in 1994, 1997, and 1998 , the average size of accessible stocks is not significantly different from that of inaccessible stocks for more than half the countries for which the comparison is possible.
20 This is a conservative comparison of liquidity and size across accessible and inaccessible indices because it involves firms with only extreme values of degree of open factors, zero and one. Firms with interim values are in both indices and hence make the difference in size and liquidity across accessible and inaccessible indices less pronounced. Although there is some evidence that accessible and inaccessible firms differ somewhat in size based on the analysis of the stocklevel data, the stock-level data from EMDB include more firms than are used to construct the EMDB indices. Since IFC screens firms based on size before including them in the indices, the difference in size of firms that are actually in Table II 
Firm-Level Comparison of Accessible and Inaccessible Firms
This table compares accessible firms and inaccessible firms for each country by comparing the averages of two measures of firm characteristics: (1) liquidity, which equals the turnover rate of stock holdings as represented by the ratio of value traded to total market capitalization, and (2) size, the ratio of the firm market capitalization to total stock market capitalization. A firm is defined to be accessible if the "degree of open factor" value reported in the emerging market database (EMDB) is one and inaccessible if the value is zero. All observations with interim values are deleted from this analysis. The test of comparison is a one-sided t-test to verify whether liquidity is significantly larger for accessible firms than inaccessible firms and a two-sided t-test to verify whether size is significantly different for accessible firms from inaccessible firms, at the 5% significance level. All values are taken from January of each year. 
the indices is smaller than in the stock-level data. 21 In summary, we conclude that there are no significant differences in cash f low fundamentals across firms in accessible and inaccessible indices.
C. Government Bond Index Returns
Besides using equity index returns, we also use government bond index returns. Ideally, to test for "f light to quality" we need returns on the safest asset in a country, which in most cases is the government bond with the shortest maturity. Bond index data for emerging market countries are notoriously difficult to obtain, however. For 21 of our emerging market countries, we are able to obtain weekly bond index returns from the Emerging Market Bond Index (EMBI) database maintained by JPMorgan-Chase. Each EMBI index, however, is constructed to have a 5-year duration. To maintain consistency across developed and emerging market countries, we use 5-year maturity government bond indices for the 13 developed countries. The source for developed country bond data is Datastream.
IV. Contagion in the 1997 Asian Crisis
We consider the 1997 Asian crisis to investigate the transmission mechanisms of crises. As stated in Forbes and Rigobon (2002) , multiple events constituted the Asian financial crisis, beginning with the Thailand stock market crash in June, the Indonesian market crash in August, and then the Hong Kong market crash in mid-October. As a benchmark case, we first adopt Forbes and Rigobon's definition of the Asian crisis, using the Hong Kong equity market as the source of contagion. For comparison, we then consider Thailand as the source of crisis.
A. Test 1: Existence of Stock Market Contagion
To test for the existence of stock market contagion, we examine whether correlations between the crisis country index returns and the index returns of other countries increase during the crisis period (Test 1). If the cross-market linkage is through investor holdings, correlation changes between the crisis country returns and accessible returns are the most relevant, though we measure correlation changes for both accessible and inaccessible returns.
To obtain measures of correlation, for each country we estimate coefficients of a regime-switching model that characterizes the joint data generating process of the crisis country index, the world index, the U.S. index, the accessible index, and, when available, the inaccessible index. In our estimation, the crisis regime is defined as the state with higher volatility in the crisis country index returns. We report estimation results for emerging market economies in Tables III (where Hong Kong is the crisis source country) and IV (where This table reports differences in estimated moments across two regimes, separately for accessible and inaccessible returns: volatility (columns 2 and 8), correlation with the crisis country index return (columns 4 and 10), and correlations with the world index return (columns 6 and 12). The t-test statistics reported are of tests of equivalent volatility (columns 3 and 9), of equivalent correlation with the crisis country (columns 5 and 11), and of equivalent correlation with the world index return (columns 7 and 13), between the turmoil and stable regimes. The rejection of the null against the one-sided alternative that the turmoil regime volatility or correlation is greater, at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. N is the number of observations used in estimation. In the row below the differences are the numbers of countries with higher values during the turmoil period (positive differences) and the sign test p-value, for the test of the null hypothesis that the turmoil periods' values are not higher. Thailand is the crisis source country) and for developed economies in Table V . Since we are interested in the change in volatilities and correlations across regimes, we report only differences in these estimated moments and do not report levels. Changes in volatility are annualized by multiplying by √ 52. When using Hong Kong as the crisis source country, we find a clear definition of two regimes (crisis and stable) during the sample estimation period. During the crisis regime, 28 of 31 emerging market countries have higher volatilities in accessible returns (column 2 in Table III) , and 21 of 28 countries have higher volatilities in inaccessible returns (column 8 in Table III ). Many of the volatility increases are significant at the 5% level. We also observe higher return volatilities for every developed country (column 2 in Table V) , and all the volatility increases are significant at the 1% level.
The results in Table III show strong evidence for contagion. For example, correlations between accessible returns and crisis country returns increase significantly during the volatile regime for many countries. In addition, the sign test rejects the null that the accessible return correlation with the Hong Kong index does not increase during the crisis period at the 1% significance level for both emerging markets and developed countries. More specifically, for emerging markets, 26 of 31 countries show increases in correlation of accessible returns with the Hong Kong index during the crisis regime (column 4 in Table III) . Of these increases, eight are significant at the 5% level and two others are significant at the 10% level (column 5 in Table III) . For developed economies, 12 of 14 countries show an increase in correlation with the Hong Kong index during the crisis regime and two are significant at the 1% level (columns 4 and 5 in Table V) .
Furthermore, the corresponding results for inaccessible returns are weaker. During the crisis regime, only 17 of 28 emerging market inaccessible indices show increases in correlation with the Hong Kong index, and of these increases, four are significant at the 5% level while two others are significant at the 10% level (columns 10 and 11 in Table III) . Moreover, the sign test can reject the null that the correlation does not increase during crises only at the 10% level. Stronger evidence for increasing correlations among accessible returns than for inaccessible returns is indicative of the investor-induced contagion hypothesis.
We also analyze correlation estimates with the world index (columns 6 and 12 in Table III ). Compared to correlations with the Hong Kong index (columns 4 and 10 in Table III) , more countries show an increase in correlation with the world index than with the Hong Kong index in both accessible and inaccessible returns. Further, in most cases, more countries show a statistically significant increase in correlation with the world index than with the Hong Kong index. For example, all but one of the developed countries show a significant increase in correlation with the world index at the 1% level, compared with only two developed countries that show a significant increase in correlation with the stock index in the crisis country, Hong Kong, at the 1% level. The stronger evidence for increases in correlation with the world index, as compared with the Hong Kong index, suggests that increases in correlation with the Hong Kong index are caused by general global stock market linkages, rather than direct linkages to Hong Kong itself.
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This finding is also supported by the graph in Figure 2 , in which we plot the time series of the stock index returns for some Asian countries from January 1997 to December 1997. The figure shows that the volatile period started much earlier than October 1997, the month in which the Hong Kong stock market crashed. According to Nouriel Roubini's account of the Asian Crisis and its global contagion, July 2-The Bank of Thailand announces a managed f loat of the Baht and calls on the International Monetary Fund for "technical assistance." The 22 We also analyze the increases in correlations with the U.S. index during the turmoil period, which are similar to the increases in correlations with the world index. This finding is indicative of the size and centrality of the U.S. equity market.
announcement effectively devalues the Baht by about 15-20%. It ends at a record low of 28.80 to the dollar. This is a trigger for the Asian crisis. 23 Radelet and Sachs (1998) also report that ". . . the Thai Baht devaluation triggered the capital outf lows from the rest of East Asia." Given the agreement that the trigger event of the Asian crisis is somehow associated with events that happened in Thailand, we reestimate the regime-switching model using Thailand as the crisis country.
The two regimes are also clearly defined using Thailand as the crisis country in estimating the regime-switching model. During the crisis regime, 23 of 30 emerging market countries have a higher accessible index volatility (column 2 in Table IV) , and 19 of 27 emerging market countries have a higher inaccessible index volatility (column 8 in Table IV ). Many of the volatility increases in emerging markets are significant at the 5% level. In addition, every developed country again shows higher volatility during the crisis regime, and all volatility increases are significant at the 1% level (column 8 in Table V) .
As for Test 1, we find even stronger evidence for the existence of contagion using Thailand as the crisis source country. During the crisis regime, among 30 emerging market economies, 28 show increases in correlation with the Thailand index returns in accessible returns (column 4 in Table IV) . Of these increases, 17 are significant at the 5% level and one other is significant at the 10% level. Among developed countries, all 15 show increases in correlation with the Thailand index returns (column 10 in Table V ) and all 15 are significant at the 1% level. Furthermore, we observe that the increase in correlation is less pronounced for inaccessible returns than for accessible returns using Thailand as the crisis source country (columns 10 and 11 in Table IV) .
Additionally, we find the following differences in results using Thailand as the crisis country: (1) Regimes are more persistent; (2) regime probabilities are smoother and the crisis period is more clearly defined; and (3) more countries have increased co-movement with the crisis country than with the world index during crisis periods. We now discuss each of these points in more detail.
First, estimated regimes are more persistent using Thailand as the crisis country. The probability that a week in the crisis regime will be followed by another week in the crisis regime is 0.685 using Hong Kong as the crisis country and 0.924 using Thailand as the crisis country. These results indicate that the crisis regime lasts on average about 3 weeks using Hong Kong as the crisis country and about 13 weeks using Thailand as the crisis country. Moreover, the probability that a week in the stable regime will be followed by another week in the stable regime is 0.923 using Hong Kong as the crisis country and 0.969 using Thailand as the crisis country. These results indicate that the stable regime lasts on average about 13 weeks using Hong Kong as the crisis country and about 32 weeks using Thailand as the crisis country. All four probability estimates are significant at the 1% level.
Second, regime probabilities obtained using Thailand as the crisis country (Panel B of Figure 3 ) are much smoother than those obtained using Hong Kong This table reports differences in estimated moments across two regimes, separately for accessible and inaccessible returns: volatility (columns 2 and 8), correlation with the crisis country index return (columns 4 and 10), and correlations with the world index return (columns 6 and 12). The t-test statistics reported are of tests of equivalent volatility (columns 3 and 9), of equivalent correlation with the crisis country (columns 5 and 11), and of equivalent correlation with the world index return (columns 7 and 13), between the turmoil and stable regimes. The rejection of the null against the one-sided alternative that the turmoil regime volatility or correlation is greater, at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. N is the number of observations used in estimation. In the row below the differences are the numbers of countries with higher values during the turmoil period (positive differences) and the sign test p-value, for the test of the null hypothesis that the turmoil periods' values are not higher. This table reports differences in estimated moments across two regimes separately for the model with Hong Kong as crisis country (Panel A) and Thailand as the crisis country (Panel B): volatility (columns 2 and 8), correlation with the crisis country index return (columns 4 and 10), and correlation with the world index return (columns 6 and 12). The t-test statistics reported are of tests of equivalent volatility (columns 3 and 9), of equivalent correlation with the crisis country index return (columns 5 and 11), and of equivalent correlation with the world index return (columns 7 and 13) between the turmoil and stable regimes. The rejection of the null against the one-sided alternative that the turmoil regime volatility or correlation is greater, at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. N is the number of observations used in the estimation. In the row below the differences are the numbers of countries with higher values during the turmoil period (positive differences) and the sign test p-value, for the test of the null hypothesis that the turmoil periods' values are not higher. as the crisis country (Panel A of Figure 3 ). These are estimates of smoothed inferences (Kim (1994) ) for a subsample period from January 1996 though January 2000. Panel A of Figure 3 shows that when we estimate the regimeswitching model using Hong Kong as the crisis country, the probability of being in the crisis regime frequently reaches unity between June 1997 and January 1999, and is also quite volatile, often f luctuating from as low as 10% to near unity during this period. The longest duration of the crisis regime occurs during the period from October 1997 to February 1998, during which the probability of being in the crisis regime is between 70% and 100%. Panel B of Figure 3 shows that when Thailand is used as the crisis source country, the probability of being in the crisis regime jumps dramatically from near zero to near unity in May 1997, and then stays near unity for much of the time until March 1999, only dipping down to 69% in August 1997 and to 59% in April 1998. Third, more countries show a significant increase in correlation with the crisis country than with the world index in both accessible and inaccessible returns when using Thailand as the crisis country. For example, for emerging market accessible returns, 12 of 30 countries show a significant increase in correlation with the world index at the 5% level (column 6 in Table IV ), compared with 17 of the same group that show a significant increase in correlation with the Thailand index at the 5% level (column 4 in Table IV ). Similar patterns exist for inaccessible returns (columns 10 and 12 in Table IV ) and index returns for developed countries (columns 10 and 12 in Table V ). This observation substantiates our earlier finding that increases in correlation with the Hong Kong index in the crisis regime are likely to be caused by general global stock market linkages, while increases in correlation with the Thailand index during the crisis are more likely to be caused by direct linkages to Thailand itself, rather than global shocks originating elsewhere. The first two findings described above indicate the two regimes are more clearly defined using Thailand as the crisis country than Hong Kong. The third finding suggests the Asian crisis originated in Thailand. On another note, our results indicate the Asian crisis could have started much earlier and lasted much longer than the 1-month period (from October 17 to November 16, 1997) defined by Forbes and Rigobon (2002) . These results point out the difficulties in correctly specifying regimes with exogenously defined periods. We therefore focus the discussion of our results with endogenously defined regimes, using Thailand rather than Hong Kong as the crisis country.
To differentiate between changes in correlation caused by stock market and exchange rate shocks, we decompose the contemporaneous correlation of returns denominated in U.S. dollars to separate out the correlation component not inf luenced by exchange rate movements. This component is a weighted correlation calculated from returns denominated in local currencies (see Appendix B for details). We therefore refer to this component of correlation as the "LC component."
Results excluding the effects of exchange rates mirror the findings using returns denominated in U.S. dollars. First, returns denominated in local currencies exhibit a clear definition of two regimes (volatile and stable): 23 of 30 accessible return series and 20 of 28 inaccessible return series in emerging markets (columns 1 and 5 in Table VI , Panel A), as well as all 15 developed country indices (column 1 in Table VI, Panel B) show an increase in volatility during the crisis regime. Second, there is evidence that the LC component of the correlation of accessible returns with the crisis country increases for several countries during the crisis regime: 25 of 30 emerging market accessible return series show an increase in the LC component of correlation with the crisis country during the crisis regime, eight of which are significant at the 5% level and four others of which are significant at the 10% level (columns 3 and 4 in Table VI, Panel A). In addition, all 15 developed country stock index series show an increase in the LC component of correlation with the crisis country, all of which are significant at the 1% level (columns 3 and 4 in Table VI , Panel B). The sign tests reject the null hypothesis that the LC components of correlation do not increase during crises at the 1% level for accessible returns and developed countries, which lends support to the conjecture that stock market contagion is unrelated to exchange rate shocks.
Test results for the LC component of correlation also ref lect one important difference from the findings using correlations calculated from returns denominated in U.S. dollars. The sign test cannot reject the null that the LC component of correlation does not increase during crises for inaccessible stock returns (column 7 in Table VI, Panel A). Only 15 of 27 inaccessible return series show an increase in the LC component of correlation with the crisis country, three of which are significant at the 5% level and one other of which is significant at the 10% level (column 8 in Table VI , Panel A). Since inaccessible stocks are restricted to local investors only, the fact that we find no evidence for increasing co-movement of inaccessible returns with the crisis country during the crisis regime, but do find clear evidence that accessible returns increase in co-movement with the crisis country during the crisis regime, supports the investor-induced contagion hypothesis. Additionally, this finding highlights another insight brought forward by decomposing currency effects: External shocks appear to have a more pronounced effect on accessible returns and exchange rates than on inaccessible returns. 24 We also conduct several robustness checks of our results. Specifically, to control for the extent of accessibility changes over time, first we construct valueweighted constant accessibility/inaccessibility indices for each country using a subsample of firms whose IFC-designated accessibility measure, degree of open factor, varies at most 0.25 for the period from January 1994 to December 2002 and reestimate our model using these constant accessibility indices; second, we reestimate our model for the subsample period January 1, 1996-December 31, 2002. In both cases, we obtain slightly stronger results.
In summary, when we compare co-movements of accessible and inaccessible returns with the crisis country returns, we find that (1) many emerging market This table reports difference in estimated moments between the stable and turmoil regimes for emerging markets' accessible and inaccessible returns (Panel A) and developed markets (Panel B) excluding exchange rate effects. Differences in volatility are reported in columns 1 and 5. Differences in correlation with the crisis country index return are reported in columns 3 and 7. The t-test statistics reported are of tests of equivalent volatility (columns 2 and 6) and of equivalent correlation with the crisis country index return (columns 4 and 8) between the turmoil and stable regimes. The rejection of the null against the one-sided alternative that the turmoil regime volatility or correlation is greater, at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. In the row below the differences are the numbers of countries with higher values during the turmoil period (positive differences) and the sign test p-value for the test of the null hypothesis that the turmoil periods' values are not higher.
Accessible Returns
Inaccessible Returns Volatility Corr with Crisis Volatility Corr with Crisis countries have a significant increase in correlation with the crisis country market returns during the turmoil period (or the volatile regime) and this pattern is more pronounced for accessible returns than for inaccessible returns; (2) the correlation results and estimates of smoothed inferences suggest that the crisis originated in Thailand rather than in Hong Kong; and (3) our findings are robust to alternative currency denominations, accessible/inaccessible definitions, and subsample estimations. These results provide supporting evidence for the existence of stock market contagion during the 1997 Asian crisis period and support the investor-induced contagion hypothesis.
B. Test 2: Fundamental Based or Investor Induced?
Having established that correlations increase during crises, we now turn to Test 2 and investigate why we observe such patterns in the data. We first examine whether the difference in co-movement across crisis and stable regimes is more pronounced for accessible stocks than for inaccessible stocks (Test 2A), the results of which are presented in Table VII . We then investigate whether accessible stocks lead inaccessible stocks (Test 2B), the results of which are reported in Table VIII.  Table VII shows the more pronounced impact of the crisis shock on accessible stocks than inaccessible stocks. The difference-in-difference statistic, that is, the difference in the change in correlation with the crisis country (crisis minus stable) across stock indices (accessible minus inaccessible) described in Test 2A, This table reports the difference-in-difference statistics specified in Test 2 to compare the correlation dynamics of accessible and inaccessible returns with the crisis country during the turmoil regime. The rejection of the null, against the one-sided alternative that correlations between accessible and crisis country returns increase more than correlations between inaccessible and crisis country returns during the turmoil regime at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. Panel A reports estimation results using U.S. dollar-denominated returns. Panel B reports estimation results excluding exchange rate effects, indicated by LC. In the row below the differences are the numbers of countries with higher values for the accessible returns (positive differences) and the sign test p-value for the test of the null hypothesis that the accessible return differences are not higher. is positive for most countries. Of the 27 emerging market countries, 18 show a more pronounced increase in correlation in accessible U.S. dollar-denominated returns than the corresponding inaccessible returns during crises (column 1 in Table VII ). Three are significant at the 5% level and six others are significant at the 10% level. The sign test rejects the null hypothesis of zero difference-indifference across all countries at the 5% level. Results for the LC component of correlations are similar albeit slightly weaker. Of the 27 countries in the sample, 17 show a more pronounced increase in correlation in accessible returns than inaccessible returns during the crisis regime, nearly the same number as in Panel A (column 3 in Table VII ). Of these difference-in-difference measures, two are significant at the 5% level and two others are significant at the 10% level. The sign test rejects the null hypothesis of zero difference-in-difference across all countries at the 10% level. These findings strongly support the investorinduced contagion hypothesis. It is also interesting to note that the difference-in-difference measures are particularly large and positive for countries outside Asia. For returns denominated in U.S. dollars, the average difference-in-difference measure for countries outside Asia is 0.091 and for countries within Asia is 0.019. Similar results are obtained for the correlation component that excludes the currency effect. This indicates the Thailand crisis shock was quick to spread to inaccessible returns in Asia but slow to spread to inaccessible returns in countries outside Asia. Overall, these findings suggest that foreign investor holdings were especially instrumental in spreading the Asian crisis to countries outside Asia.
Next, we turn to Test 2B and examine the relative magnitude of crossautocorrelations during crises between (1) accessible returns and lagged inaccessible returns and (2) inaccessible returns and lagged accessible returns. To obtain these cross-autocorrelations, we estimate the coefficients of a regimeswitching model for each country that characterizes the joint data generating process of accessible returns, inaccessible returns, 1-week lagged accessible returns, 1-week lagged inaccessible returns, the world index, and the crisis country index. We report the results for the returns denominated in U.S. dollars in Panel A of Table VIII and the results for the LC components of crossautocorrelation in Panel B of Table VIII. The results in Table VIII indicate that accessible returns lead inaccessible returns during the crisis regime and that the effect is slightly stronger for the LC components of cross-autocorrelation. For returns denominated in U.S. dollars, of the 27 emerging market economies, 19 show higher cross-autocorrelations between inaccessible and lagged accessible returns than between accessible and lagged inaccessible returns (column 4 in Table VIII ). For four countries, the differences in cross-autocorrelation are significant at the 5% level and for three others the differences are significant at the 10% level. The sign test rejects the null hypothesis that the accessible stocks do not lead inaccessible stocks during the crisis period at the 1% level. For the LC components, of the 27 countries, 22 show higher cross-autocorrelations between inaccessible and lagged accessible returns than between accessible and lagged inaccessible returns (column 9 in Table VIII) . For six countries, the differences are significant at the 5% level.
Again, the sign test rejects the null hypothesis that accessible stocks do not lead inaccessible stocks during crises at the 1% level.
To summarize, we find statistical evidence that during the turmoil period, increases in co-movement with the crisis country are more pronounced for accessible than inaccessible returns, and accessible returns lead inaccessible returns during crises. These findings indicate that accessible returns act as a larger channel for crisis transmission and provide supporting evidence for the investor-induced contagion hypothesis.
C. Test 3: Portfolio Rebalancing or Wealth Constraint?
Having found supportive evidence of the investor-induced contagion hypothesis, we now turn to Test 3 and further investigate the mechanism by which crises spread through investor holdings. We first examine whether the increase in correlation with the crisis country is more pronounced in the negative tail (Test 3A). We then investigate correlation dynamics between government bond and local stock index returns within each country (Test 3B).
In Table IX we report the exceedance correlation results at a threshold level of 1.5 standard deviations away from the mean. 25 We find evidence that negative tail correlations are larger than positive tail correlations for emerging markets (Panel A, Table IX ). For accessible returns, 24 countries have larger correlations in the negative tails. Of these 25 positive differences, 6 are significant at the 5% level, and 3 others are significant at the 10% level. For inaccessible returns, 20 countries have larger correlations in the negative tails. Of these 20 positive differences, 4 are significant at the 5% significance level, and 2 others are significant at the 10% level. The results for inaccessible returns are slightly weaker than the results for accessible returns, but in both cases the sign test rejects the null hypothesis that correlations are equal in both tails. Therefore, the null hypothesis of Test 3 is rejected for emerging market countries: Higher correlations in the negative tail suggest that portfolio rebalancing is unlikely to be the channel through which crises spread among emerging markets.
In contrast, for developed countries, the null hypothesis of Test 3A cannot be rejected (Panel B, Table IX ). Of the 15 countries, 9 have larger correlations in the negative tails, and only one of these increases is significant at the 10% level. This finding suggests portfolio rebalancing can be a mechanism through which crises spread to developed countries.
Turning to Test 3B, to obtain measures of correlation between stock and government bond indices, for each country we estimate coefficients of a regimeswitching model that characterizes the joint data generating process of the crisis country index, the world index, government bond index, accessible index, and, when available, inaccessible index. We report estimates of the change in 25 We also estimate exceedance correlations at one and two deviations away from the mean and confirm that results are similar. In addition, we find evidence of asymmetry similar to Longin and Solnick (2001) in that correlations are decreasing in the threshold for the positive tail, but nondecreasing in the threshold for the negative tail. This table reports exceedance correlation estimates and the difference between negative and positive tails (negative minus positive), at 1.5 standard deviations away from the mean, for emerging markets in Panel A and for developed markets in Panel B. The rejection of the null, against the one-sided alternative that the negative tail correlation is greater, at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. In the row below the differences are the numbers of countries with higher correlations in the negative tail (positive differences) and the sign test p-value, for the test of null hypothesis that the negative tail correlations are not higher. government bond return volatility and the change in government bond return correlation with the stock returns in the same country in Table X . The change in government bond return volatility from the stable to the crisis regime is quite different for emerging market and developed countries. Of 20 emerging markets, 14 countries show an increase in government bond return volatility during the crisis regime, with 10 countries statistically significant at the 1% level (column 2 in Table X, Panel A). The sign tests indicate that government bond return volatility in emerging markets is increasing during the crisis regime. In contrast, of the 13 developed countries, only Switzerland shows a small increase in volatility and the remaining 12 countries show decreases in volatility during the crisis regime (column 2 in Table X, Panel B). The sign test cannot reject the null hypothesis that government bond volatility does not increase during the crisis regime, which is consistent with the phenomenon of a f light to quality in the time of crisis in developed countries.
We observe similar contrasting patterns between emerging market and developed countries when examining the change in government bond return correlation with the stock returns in the same country. During the crisis regime, 14 of the 20 emerging market countries show an increase in government bond return correlation with the accessible returns in the same country (column 5 in Table X , Panel A). Of these increases, three are significant at the 5% level and four others are significant at the 10% level. For inaccessible returns, 10 of the 17 countries show an increase in government bond return correlation, 2 of which are significant at the 5% level (column 7 in Table X, Panel A). The sign test rejects the null hypothesis that the return correlations between stocks and government bonds do not increase during the turmoil regime at the 5% level for accessible returns but not for inaccessible returns. In contrast, no developed countries show an increase in correlation between government bonds and stock (7)). The rejection of the null against the one-sided alternative at the 10%, 5%, and 1% significance levels, is denoted by * , * * , and * * * , respectively. N is the number of observations used in the estimation. In the row below the differences are the number of countries with higher volatility or correlations in the turmoil period (positive differences) and sign test p-values for the test of null hypothesis that the turmoil periods' values are not higher.
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Bond Volatility Accessible Returns Inaccessible Returns returns of the same country during the crisis regime (column 5 in Table X , Panel B). The increase in correlation between government bond and accessible stock returns in emerging markets during the crisis regime suggests that wealth constraints are binding in these countries. One plausible explanation for the increase in co-movement between risky and safe assets within a country during a crisis is that international investors withdraw capital from both equity and bond markets and wealth-constrained local investors are unable to arbitrage away the price impact of foreign trades. Our results are not consistent with the alternative view that local investors, constrained to invest locally, rebalance their portfolios in a f light to quality, since we do not observe any change in correlation between government bond and inaccessible returns. In developed markets, however, there is strong evidence for active portfolio rebalancing activities during crises since we observe decreases in correlations between government bond and equity returns for all countries.
To summarize, both Test 3A with exceedance correlations and Test 3B with government bond and stock correlations show that the null hypothesis that stock markets are spread through the need for portfolio rebalancing can be rejected for emerging markets, but not for developed markets. These results further support the hypothesis that asymmetric market frictions, such as wealth constraints, spread the Asian crisis across emerging market countries, and that symmetric market frictions, such as portfolio rebalancing, propagated the crisis shock to developed countries.
V. Conclusion
In this paper we find evidence supporting the hypothesis that crises spread through the asset holdings of investors. We estimate and compare the degree to which accessible and inaccessible returns co-move with the crisis country returns in the case of the 1997 Asian crisis. Our analysis using Thailand as the crisis country reveals that correlations with the crisis country do increase during the turmoil period, and that the increase is especially prevalent for accessible returns, indicating that the crisis was transmitted through accessible stocks. We also estimate and compare co-movement of accessible and inaccessible returns with the crisis country after separating out the effects of exchange rate shocks. We find that our results are not driven by correlated exchange rates. Furthermore, we find evidence that accessible stocks are not fundamentally different from inaccessible stocks in terms of industry distributions, implying that differences in cash f low fundamentals cannot explain the increase in correlations.
We use three alternative measures to investigate the transmission mechanism of the crisis through investor holdings. First, we estimate and compare cross-autocorrelations between accessible and inaccessible returns for each country during the turmoil period. We find evidence that accessible stocks lead inaccessible stocks, further suggesting that crises spread first to accessible stocks through the asset holdings of investors. Second, in estimating exceedence correlations for market upturns and downturns, we find evidence of asymmetry in correlation for emerging markets but not for developed countries. These results suggest that the Asian crisis spread to emerging markets through asymmetric market frictions such as wealth constraints. In contrast, for developed markets the results suggest that portfolio rebalancing acts as a channel through which crises spread. Finally, we analyze the correlation dynamics between the stock and government bond indices in each country. We find that during crisis regimes, return correlations between accessible stock and government bond indices increase for emerging markets, but not for inaccessible stock indices in emerging markets or stock indices in developed countries. Again, this result further supports the hypothesis that asymmetric market frictions, such as wealth constraints, spread the Asian crisis across emerging market countries, and that symmetric market frictions, such as portfolio rebalancing, may have propagated the crisis shock to developed countries. Therefore, our findings shed light on the transmission mechanism of crisis shocks across countries and suggest that market frictions have an important effect on asset valuations.
Appendix A: Second-Step Covariance Matrix
In order to calculate the test statistics for our regime-switching model estimates, we need the entire covariance matrix of first-step (θ 1 ) and second-step (θ 2 ) parameter estimates. We define the asymptotic covariance matrix as Var(θ 1 , θ 2 ) = 
where 1 is the covariance matrix for θ 1 , 2 is the covariance matrix for θ 2 , and 1,2 is the covariance between θ 1 and θ 2 . Each component is as follows: 
where n is the number of observations used in estimation and
following Murphy and Topel (1985) . The first-step parameters are estimated via maximum likelihood (with the EM algorithm), and the measure of covariance matrix is obtained from the sample analog of the inverse of the outer product of the gradient. The secondstep parameters are conditional on first-step parameters and are estimated via conditional maximum likelihood (also with the EM algorithm).
With a complete set of asymptotic variance and covariance of all parameters, test statistics can be computed as functions of these parameters. Volatilities, correlations, differences in volatilities, differences in correlations, and differences in differences are all functions of the estimated parameters, and thus standard errors of these functions are calculated using the delta method.
Appendix B: Currency Decomposition
In this section we first decompose co-movement of index returns denominated in U.S. dollars into several components, one of which represents the portion of co-movement that excludes effects from local currency f luctuations, denoted as the "LC" component. We then conduct a similar currency decomposition on cross-autocorrelations of returns denominated in U.S. dollars.
For any two countries, denoted by A and B, the logarithmic U.S. dollar return can be written as
where r is the logarithmic return denominated in U.S. dollars, r * is the logarithmic return denominated in a foreign currency, q is the logarithmic exchange value of U.S. dollars in terms of the foreign currency, and denotes a first difference. 
where the first term represents the effect on the correlation due to stock market shocks and the remaining terms represent the effect on the co-movement due to exchange rate shocks. To determine the extent to which the dollar-denominated correlations among the international indices studied in this paper are driven by correlations in exchange rates, we measure the LC component of the comovement as the first term in equation (B3), since this is the only term in equation (B3) that is not inf luenced by exchange rates. We next conduct a currency decomposition for cross-autocorrelations. For any two stocks in the same country, denoted by i and j, the logarithmic U.S. dollar return can be written as
The cross-autocovariance between r i and r j is ), in our analysis of the lead-lag relationship between accessible and inaccessible index returns.
